a result, knowledge of regional Jurassic sedimentary sequences still is very meagre.
Micropalaeontological studies would be conducive to solving those problems, but these have only rarely been undertaken. A significant portion of promising outcrops have yet to be studied. For instance, palynological studies in the Greater Caucasus appear very promising; the outcome of previous studies of spores and pollen from Jurassic deposits in this region was summarised by Jaroshenko (1965) , Beznosov et al. (1973) and Rostovtsev et al. (1992) . However, their data are very general in nature and often do not refer to particular sections and outcrops. In addition, those data were not published in English and thus cannot be used in interregional comparisons and correlations. Moreover, there are no data on dinoflagellate cysts (dinocysts), although these microfossils might be very useful for regional biostratigraphical schemes. New field work in the western part of the Greater Caucasus (commonly referred to as the 'Western Caucasus') has considered extensive, albeit fragmented, sections of Lower-Middle Jurassic deposits that are potentially interesting for palynological investigations. The most widely distributed rocks are shales, but samples taken from various horizons have not yielded any palynomorphs. Fortunately, sandstones of the Bagovskaja Formation (Toarcian, Lower Jurassic) are more promising having yielded some palynomorphs. The first results from these studies are summarised below.
Geological setting
The Greater Caucasus is a large Cenozoic orogen and a constituent of the Alpine tectonic belt of Eurasia. Its Phanerozoic evolution was highly complex with multiple terrane re-organisations and several phases of deformation (Saintot et al., 2006; Adamia et al., 2011; Ruban, 2013a; Rolland, 2017) . Jurassic deposits are distributed widely in the Western Caucasus and, in particular, crop out in the Northern Arkhyz-Guzeripl' area (Rostovtsev et al., 1992) . These deposits are subdivided into lower siliciclastic (Lower-Middle Jurassic) and upper carbonate (Upper Jurassic) packages with thicknesses of ~10,000 m and ~3,000 m, respectively. The lower package comprises several formations (Fig. 1) , the age of which was established mainly on the basis of rare ammonites (Rostovtsev et al., 1992) . These strata accumulated in a marine, back-arc basin that existed between the islands (i.e., the axial part of the present-day Greater Caucasus) in the south and the land of the Scythian Platform, the southern and youngest part of the stable Russian Platform, in the north (Saintot et al., 2006; Ruban, 2007 Ruban, , 2013b . According to palaeogeographical reconstructions by Golonka (2004) , this basin was located along the northern periphery of the Neo-Tethys Ocean.
The general characteristis of the Bagovskaja Formation of the Northern Arkhyz-Guzeripl' area can be found in the papers by Teodorovitch & Pokhvisneva (1964) and Rostovtsev et al. (1992) . The formation is a relatively thick (up to 800 m), siliciclastic Rostovtsev et al., 1992) .
sequence that is dominated by alternating darkgrey or even black shales and yellowish sandstones. The thickness of individual layers varies between centimetres and dozens of centimetres (Fig. 2) . In this sequence, shales are more common than sandstones. The age of the formation has been determined on the basis of rare ammonites as early-middle Toarcian, i.e., the interval of the Harpoceras falciferum-Hildoceras bifrons zones (Rostovtsev et al., 1992; Ruban, 2013b) . The depositional environments have generally been interpreted as deep-marine and oxygen depleted (Ruban, 2013b) , although shallow-marine facies do occur at the very base of the formation. The results of ichnological studies (Ruban et al., 2017 ) confirm this interpretation.
Material and methods
The Bagovskaja Formation of the Northern Arkhyz-Guzeripl' area in the Western Caucasus is represented in an extended section that stretches over several kilometres along both banks of the River Belaja near the town of Guzeripl' (Fig. 1) . Unfortunately, this section consists of isolated, often small fragments, the mutual relationship of which is very difficult to determine because of the fact that the entire sedimentary sequence is strongly deformed through intense folding and faulting. The locality of Guzeripl' South, situated on the left bank of this river south of the town of Guzeripl', is especially interesting because the relevant section fragments exhibit a sufficient number of sandstone beds.
The single sandstone layer of the Bagovskaja Formation yields a more or less rich assemblage of palynomorphs (Fig. 1) . In other layers, palynomorphs are rare or absent, most probably because of the poor preservation potential in such tectonically distorted sedimentary packages. In addition to examination in the field and under the microscope, laboratory investigations of sandstones were conducted using X-ray powder diffraction (XRD) analysis. This is a basic method for identifying mineral types in multicomponent sedimentary rocks such as the sandstones of the Bagovskaja Formation. Mineral types are determined by comparing experimentally obtained values of interplanar distance (d, Å) and relative intensity (I rel ) of reflections to the standard XRD data from the International Database PDF-2 ICDD. When specifying species of clay minerals by XRD analysis, both natural and glycerin-saturated specimens are used. XRD analysis is performed using a hardware-software package based on an investigation of the powders in Bragg-Brentano geometry by the D2 Phaser X-ray diffractometer (Bruker). Conditions of diffraction spectra recording with the monochromatised Cu-Kα radiation (λ=1,54178 Ǻ) are as follows: voltage 30 kV, current 30 mA; scanning step 0.02°2Θ; and exposure time 3 sec. The range of scanning angles in Bragg-Brentano geometry is 3-40°.
For the purpose of palynological studies, samples were first treated using hydrofluoric acid and then potassium pyrophosphate, with subsequent separation of organic and mineral components in heavy liquid (cadmium; specific gravity of 2.25) by centrifuging. After initial preparation, the palynological objects were examined using a Zeiss Primo Star microscope; images were obtained with a Zeiss Axioskop 40 and a Canon PowerShot G10. During analysis, diverse palynomorphs were recovered, including marine microphytoplankton and pollen and spores of terrestrial plants. All samples studied are now stored in the Laboratory of Paleontology and Stratigraphy of the Mesozoic and Cenozoic, Trofimuk Institute of Petroleum Geology and Geophysics, Siberian Branch of Russian Academy of Sciences (Novosibirsk).
Results
The sandstones of the Bagovskaja Formation sampled at the locality of Guzeripl' South include several components, namely quartz (45%), albite (28%), chlorite (16%), muscovite (6%) and calcite (5%). This composition is confirmed by results of XRD analysis (Fig. 3 ). Most likely, these sandstones formed from material derived from nearby islands (island arc) that stretched along the axial part of the Greater Caucasus and supplied to the deep part of the marine basin; for the present interpretation, Ruban's (2013b) reconstructions are adopted. (Bjaerke, 1980) Lentin and Williams, 1985; 14 -Pareodinia halosa (Filatoff, 1975 ) Prauss, 1989 . All specimens are from sample PS1. The palynological investigation has revealed the presence of a representative palynomorph assemblage in a single sample, PS1. It includes spores (31%) and pollen (43%) of land plants and microphytoplankton (26%). Dinoflagellate cysts are recorded from the Bagovskaja Formation, and probably from the entire Lower Jurassic of the Western Caucasus, for the first time. Some palynomorph taxa are illustrated in Figures 4 and 5 Microphytoplankton is represented by dinocysts, prasinophytes and green algae. Amongst dinoflagellate cysts, the most common taxa are Nannoceratopsis spiculata (9%), Nannoceratopsis deflandrei (4%), Nannoceratopsis plegas (2%), Nannoceratopsis gracilis (1%), Nannoceratopsis senex (1%), Nannoceratopsis spp., Susadinium faustum (1%), while Pareodinia halosa, Phallocysta eumekes and Susadinium sp. are rare. Prasinophytes are represented by two taxa, namely Pterospermella sp. and Leios- phaeridia sp. Green algae (Schizocystia sp.) have also been recorded. Some other sandstone layers at the same locality contain rare palynomorphs of a very poor preservation. These include pollen (Ginkgocycadophytus sp. and Coniferales gen. indet.), spores (Cyathidites sp., Marattisporites sp., Osmundacidites sp.), and microphytoplankton taxa such as Micrhystridium sp. and Leiosphaeridia sp. These data are worthy of consideration since they are novel; however, they are in general of limited importance in the interpretations presented herein.
Discussion
The new data on palynomorphs from Toarcian deep-marine sandstones at the locality of Guzeripl' South have important stratigraphical implications. Pollen and spores are less informative, although these can be compared to those recorded earlier from the Caucasus and some other regions (Table  1) . However, microphytoplankton, and dinocysts in particular, allow a more detailed discussion of the age of these sandstones. Generally, the assemblage recorded corresponds to typical Toarcian associations that are on record from the entire Northern Caucasus (Jaroshenko, 1965; Beznosov, 1973; Rostovtsev et al., 1992) , which is in agreement with the previously established age of the Bagovskaja Formation (Rostovtsev et al., 1992; Ruban, 2013b) .
The earliest appearance of Nannoceratopsis spiculata in northwest Europe is in the upper Pliensbachian (Palliani & Riding, 2003) , but the regular presence of this taxon is typical of the upper part of the lower Toarcian (Riding & Thomas, 1992; Palliani & Riding, 2000) . The assemblage of Nannoceratopsis spiculata, Nannoceratopsis gracilis and Phallocysta eumekes characterises the middle Toarcian (Hildoceras bifrons-Grammoceras thouarsense ammonite zones; Riding & Thomas, 1992; Poulsen & Riding, 2003) . The upper Toarcian of southwestern France contains abundant Nannoceratopsis spiculata and also Nannoceratopsis gracilis, Pareodinia halosa and Nannoceratopsis plegas. Pareodinia halosa appears earlier in Europe, in the upper Toarcian (Grammoceras thouarsense-Pleydellia aalensis ammonite zones; Palliani & Riding, 1997; Feist-Burkhardt & Pross, 2010) . Susadinium faustum has been described from Toarcian deposits of Svalbard, together with Phallocysta eumekes and Susadinium spp. (Bjaerke, 1980) . In Europe, the first-named taxon first appears in the upper lower Toarcian (Hildoceras bifrons ammonite zone; Palliani & Raiding, 2003) . In Europe, as well as in Siberia, Nannoceratopsis plegas appears in the lower Toarcian (Palliani & Riding, 2003; Grinenko et al., 2015) and its co-occurrence with Nannoceratopsis gracilis, Nannoceratopsis senex, Nannoceratopsis spp., Susadinium spp. and Phallocysta eumekes is characteristic of the Toarcian of eastern Siberia (Riding et al., 1999; Goryacheva, 2017) .
The stratigraphical ranges of the above-listed taxa are long (i.e., upper Pliensbachian-upper Bajocian), but their co-occurrence in the sandstones studied and the predominance of Nannoceratopsis spiculata implies the late Toarcian age, i.e., within the interval of the Grammoceras thouarsense-Pleydellia aalensis ammonite zones. The implications of such an age assessment are twofold. Firstly, the uppermost horizons of the Bagovskaja Formation in the Northern Arkhyz-Guzeripl' area are of late Toarcian age. Previous studies of ammonites had suggested a greater age of this formation, i.e., early-middle Toarcian (Harpoceras falciferum-Hildoceras bifrons ammonite zones; see Rostovtsev et al., 1992; Ruban, 2013b) . The ammonite-based dating cannot be disputed, but it should be noted that this refers to the lower and middle parts of the formation (Rostovtsev et al., 1992) . Therefore, most probably, accumulation of the Bagovskaja Formation continued longer than assumed earlier. It is a matter for future studies to investigate whether the upper part of the Bagovskaja Formation is of late Toarcian age in other areas of the Western Caucasus. If the boundary between the Bagovskaja Formation and the overlying Tubinskaja Formation is located in a higher stratigraphical position within the succession, this requires certain corrections of regional models of oxygen depletion in the Caucasian Sea (e.g., Ruban, 2007) . Secondly, the established age implies that the locality of Guzeripl' South represents the upper part of the Bagovskaja Formation, which is important for future correlation of this section fragment.
Results of studies (microscope examination and XRD analysis) of the composition of the sandstones from the locality of Guzeripl' South stress their provenance related to the island arc that was located to the south of the study area (see above). Therefore, the origin of terrestrial palynomorphs recovered from these sandstones can also be linked to these islands. If this interpretation is correct, conifer and fern vegetation dominated in these places.
Conclusions
The study of a palynomorph assemblage from a Toarcian deep-marine sequence in the Western Caucasus allows three general conclusions to be drawn. Table 1 . Comparison of spores and pollen assemblage documented in the present study with those recorded previously from the Caucasus and some other regions.
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